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1. Introduction 

Of the three leading-twist quark distributions, the quark number density, 
the quark helicity and the quark transversity distribution, only the latter 
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Single target-spin asymmetries in semi-inclusive two-pion production were mea- 
f™*^ i sured for the first time by the HERMES experiment, using a longitudinally po- 

ly^ , larized deuterium target. These asymmetries relate to the unknown transver- 

f— *^ ■ sity distribution function h\ (x) through, also unknown, interference fragmentation 

""■"^ ' functions. The presented results are compared with a model for the dependence 

^ of one of these interference fragmentation functions on the invariant mass of the 

pion pair. 
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■ one is so far unmeasured. The main reason for this is its chiral-odd nature 

which requires a second chiral-odd object to couple to the transversity dis- 
tribution in order to make it accessible to measurements. One candidate for 
such a chiral-odd fragmentation function is the so-called Collins fragmen- 
tation function appearing in pion lepton production. This has been studied 
by the HERMES experiment using a longitudinally polarized target 1 , and 
recently using a transversely polarized target 2 . 

Another way of accessing transversity is offered by interference fragmen- 
tation functions, which appear in single target-spin asymmetries in two-pion 
semi- inclusive deep-inelastic scattering (DIS). One of the advantages of this 
method is that the azimuthal moment of the asymmetry is directly propor- 
tional to products of distribution and fragmentation functions, whereas in 
the case of one-hadron semi-inclusive DIS, these products are convoluted 
with the transverse momentum of the detected hadron. Although the inter- 
ference fragmentation functions themselves are as yet unknown, they can 
be cleanly measured in e + e~ experiments, such as Belle 3 and Babar. 
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Figure 1. Left: kinematic planes, where <j>n± is the angle between the plane spanned 
by the incident (fc) and scattered lepton (Ar) and the plane spanned by the two detected 
pions (Pi and P2, with = Pi + P2)- Right: the factor sin (So sincSi sin(<5o — <5i), where 
the s- and p-wave phase shifts (Sq and <5i) were obtained from pion-nucleon scatter- 
ing experiments 8 . This factor shows the invariant mass dependent part of H 1 ' sp , as 
predicted by Jaffe et al. . 



2. Single Spin Asymmetry 

The transversity distribution can be accessed experimentally by measuring 
the single target-spin asymmetry, defined as: 

1 N^(<t> R± )/Nj> - N^{<i> R± )/N2 
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(1) 



\Pl\ N^{<(> R1 _)/Nr + N^{4>ra_)/NX 

where (N^) is the number of 7r + 7r _ pairs detected with target spin 
antiparallcl (parallel) to the direction of the beam momentum. These num- 
bers are normalized to the corresponding number of DIS events, iVT* and 
N£~, respectively and the entire ratio is divided by Pl, the longitudinal 
target polarization. The asymmetry is evaluated as a function of the az- 
imuthal angle 4>ra_, which is shown in Fig. 1. In the last term, (Jul and auu 
are the polarized and unpolarized cross sections, respectively. According to 
Bacchetta et al. 6 ujjl can be written at sub-leading twist as a : 

9 [Ki\S^h L - K 2 \S x \h x ] (H?< sp + H?* p - 

(2) 

where K\ and K2 are kinematic factors' 3 and is the angle between the di- 
rection of emission of the pion pair in its center-of-mass frame and Ph in the 
hadronic frame (see Fig. 1). Eq. 2 introduces the two-hadron interference 
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a Eq. 2 was derived using the Wandzura-Wilczek approximation and is valid at low 
invariant mass M^-^ of the pion pair 

b See the article by Bacchetta et ai. 6 for the full expression. 
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fragmentation functions Hf ,sp and H^' pp . They decribe the interference 
between different production channels of the pion pair: Hi' sp relates to the 
interference between s- and p-wave states and H^' pp to the interference be- 
tween two p-wave states. Both functions can be used separately to extract 
information on the transversity distribution h\(x). In the present analysis 
the sin cj)R^_ -moment of the asymmetry, A s ^f R± has been studied, which is 
only sensitive to H^' sp , because in evaluating A s ^\f R± the integral is taken 
over the polar angle 9. 

A prediction was given by Jaffe et al. 5 for the invariant-mass behavior of 
H^' sp in terms of s- and p-wave phase shifts. Fig. 1 shows that according 
to this model the asymmetry would change sign approximately at the p° 
mass. Note, however, that this model does not predict the size or sign of 
the asymmetry. 

Two distribution functions appear in Eq. 2: the transversity distri- 
bution hi and the subleading-twist function Hl, which is related to h\ 
through a Wandzura-Wilzcek relation. The contribution of these functions 
is proportional to the target polarization components transverse (S±) and 
parallel (S^) to the virtual photon direction, respectively. In the data pre- 
sented here the value of S± increases from 3% of Sm at low x to 9% at high 
x. For the present analysis data were taken during the period 1998-2000 
with a longitudinally polarized deuterium (gas) target. The average target 
polarization was 0.84 ± 0.04. 

3. Results 

In Fig. 2 the sin 4>r± -moment is plotted versus the invariant 

mass of the pion pair d M n7T in panels of increasing x (= Q 2 /{2Mu)) and z 
(z = E^tx/v). The size of the asymmetries is on the order of a few percent. 
For all panels the asymmetries are not inconsistent with zero given the size 
of the statistical errors. No significant x- or ^-dependence is observed. The 
shape of the asymmetries versus the invariant mass has been compared 
with the model prediction shown in Fig. 1. This was done by fitting the 
following function to the data: 

f(M n7V ) = Cl V(M vn ) + c 2 (3) 



c Using the definition of 4>ra_ shown in Fig. 1, Ay'J, will differ by a sign, com- 
pared with the situation where the azimuthal angle is defined according to the Trento 
conventions 4 . 

d For these preliminary results, all hadron types were analyzed assuming they were pions. 
The corresponding uncertainty is not included in the quoted systematic error. 
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Figure 2. The asymmetry-moment A^ 1 ^ R± as a function of the invariant mass M w 
for different x-bins (top) and 2-bins (bottom). 



where 'P(M 7r7I .) contains the invariant-mass dependence from the model pre- 
diction and ci and C2 are free parameters of the fit. The resulting curves 
are included in Fig. 2. These curves show that in all panels, the results are 
consistent with the model. In the mid-x and low-z region the data give a 
hint for a sign change of the asymmetry at the p a mass. 

Starting in 2002, HERMES has been taking data with a transversely 
polarized hydrogen target, with an average polarization of 0.78 ± 0.04, 
which can result in much larger asymmetries. Data-taking will continue 
until the summer of 2005. The analysis of these data is ongoing and first 
results are expected in the near future. 
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